Saccharomyces cerevisiae mannan is a heterogeneous family of cell wall glycoproteins with a complex carbohydrate structure that is the principal antigen on the yeast cell surface (4) . Several mutants with altered mannan structures have been isolated (3, 9) , and the map position of one of' these lesions has been determined (1) . The mutant selection and genetic analysis have employed specific antisera as structural probes for terminal a1-2-and a1,3-mannosyl units, for terminal a-mannosylphosphate groups, and for the ca16-mannosyl backbone structure. In addition, the presence of' phosphate in the mannan can be detected by alcian blue dye binding (6) .
The f'irst four S. cerevisiae mannan mutants to be obtained have the phenotypes listed in Table 1 . These properties have been rationalized on the basis of' the structure of the wildtype mannan shown in Fig. 1 . This mannan contains phosphate and theref'ore binds alcian blue. It also has terminal al13-mannosyl units and reacts with antiserum against that determinant, but the phosphate group possesses a terminal mannobiosyl unit so no reaction is observed with mannosylphosphate-specific antiserum. The mnnl mutant lacks the termimal al3-mannosyl units and fails to agglutinate with antiserum of that specificity, but it does have exposed mannosylphosphate groups.
The mnn2 mutant lacks all side chains (except for those in the inner core) (8) with the result that the backbone is accessible to the a1--6-mannosyl antiserum. The mnn3 mutant has single mannose units attached to the backbone, whereas the mnn4 mutant laeks only the mannobiosylphosphate substitutent. These f'our mutants have been attributed to defective transferase activities involved in mannan synthesis, namely, an al13-mannosyltransferase, two al-2-mannosyltransferases, and a mannosylphosphate transferase (2) .
The mnnl gene has been located on chromosome V, tightly linked to the centromere and the ura3 locus (1) . In this paper, I show that the mnn2 gene is also centromere linked but is on chromosome II, whereas the mnn4 gene is on chromosome XI near trp3 and the ural loci. The latter gene is linked to the locus recognized by Friis and Ottolenghi (6) as also being involved in the regulation of' alcian blue dye binding by S. diastaticus subsp. 1A, a property that they attributed to the phosphate in the cell wall mannan. The diploid formed by crossing the mnn4 mutant to the wild-type X2180 strain or the mnnl mutant has the phenotype of' the mnn4 mutant, revealing that this latter mutation is dominant as is the dye binding locus in S. diastaticus (6) .
MATERIALS AND METHODS
Cultures of the following yeast strains were used: S. cerevisiae X2180-1A (a mating type), X2180-1B (a mating type). X2180 mnnl, X2180 mnn2, and X2180 Friis and Ottolenghi (6) on unheated cells grown on yeast extract-peptone-dextrose agar plates for 48 h. On a qualitative scale, the mnn4 mutants showed no binding (the cell pellet was white), the S. diastaticus strain was light blue, the X2180 wild-type strain became a moderate blue, whereas the mnnl mutant and the A1640B strain gave dark-blue cell pellets.
RESULTS
Mapping the mnn2 locus. The results given in Table 2 provide the basis for the assignment of this gene. The low frequency of tetratype asci in the segregation of mnn2 with respect to known centromere-linked markers (trpl, mnnl) indicates that it also is linked to a centromere. a As internal checks, my results place gall 9 cM from its centromere and ura3 4 cM from its centromere, both values being in agreement with reported map distances (7).
The absence of nonparental ditype asci in its segregation with respect to gall places the mnn2 gene on chromosome LI.
Calculated from the expression ( 2 T x 100)/total, the distance from the centromere to mnn2 is about 7 centimorgans (cM) and from the centromere to gall it is 9 cM. The distance from mnn2 to gall, by the expression (3 nonparental ditypes + 1/2 tetratypes) x 100/total, is 6 cm. From the segregation patterns of individual asci, the most likely sequence places mnn2 between the centromere and gall. Previous studies (7) Tables 3 and 4 show that mnn4 is 12 tetratypes) x 100/total, the map distance between mnn4 and ural is 27 cM and between mnn4 and trp3 is 12 cM. Moreover, the dye-binding property of' the haploid S. diastaticus strain was itself' variable. The nonidentitv of' the mnn4 mutation and the dbll locus identif'ied by Friis and Ottolenghi (6) as being involved in the re,ulation of' alcian blue dye binding in S. diastaticus was unexpected in view of our initial finding that the two loci lie in similar positions on chromosome XI. However, their properties are different and their segregation is clearly independent, suggesting that addition of the mannosylphosphate group to the mannan is under the control of at least two genes. In agreement with the conclusion of nonidentity, the mnn4 mutant lacks completely the ability to bind dye, whereas the S. diastaticus strain appears leaky and shows a weak and variable binding capacity. I suspect that more than one gene concerned with the dye-binding phenotye is segregating in the latter strain.
